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15 

Background 

1. Field of the Invention 

The invention relates generally to pumping systems employing pumping cartridges 
20 that can be disengaged from a pump drive unit, and, more specifically to methods of joining a 
pumping cartridge to a pump drive in such pumping systems and interconnect mechanisms 
facilitating such methods. 

2. Description of the Related Art 

25 A piston pump typically includes several cooperating elements. These typically 

include at least a cylinder, a piston moving in the cylinder, and a drive shaft connected to the 
piston that moves the piston back and forth in the cylinder. Other elements typically include 
one or more check valves, or functional equivalents, so that fluid is drawn in from a source 
and expelled into an outlet. Normally, the drive shaft is permanently fastened to a 

30 mechanism providing the reciprocal motion. 

In certain medical applications, it may be desirable to provide disposable pump 
elements that contact fluids being pumped, e.g. disposable piston pumping cartridges, for 
example to prevent transmission of disease between patients. For the sake of economy, it 
may be advantageous for the mechanism providing reciprocating force to be separate from 
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the pumping elements. The disposable portion of a piston pump, typically comprising a 
cylinder, a piston, and valves, can advantageously be fabricated as a separate cartridge. The 
cartridge can, for certain applications, be provided in a sterile condition, so that the fluid 
pumped will not be contaminated. Such a cartridge can be configured to be reversibly 
5 attached to a reusable drive mechanism, typically comprising a motor, which reciprocates the 
piston via, for example, a reversible linkage. 

In one mode of medical use, such as described in certain of the Applicant's commonly 
owned patents and patent applications (e.g. U.S. Pat. Nos. 6,216,573; 5,944,686; 6,375,635; 
6,51 1,493; and U.S. Pat. Application Pub. No. 2002/0176788-A1, each incorporated herein 

10 by reference), such a disposable cartridge can used to generate a high pressure, such as 5,000 
p.s.i, 10,000 p.s.i, or 20,000 p.s.i or more. The resulting high pressure water jet can be used, 
for example, to cut and/or remove and/or clean tissue, or to drive rotary tissue-abrading 
elements. In one mode of making such cartridges, described in more detail in commonly- 
owned US 2002/01 76788-A1, the piston is provided with an abradable flange as a sealing 

15 element. Such disposable cartridges may, in certain embodiments, be designed to be used 
only for a single medical procedure, and thus may require relatively frequent replacement. 

In a medical environment, such as an operating room, there are several constraints 
that may be desirable to be satisfied in a procedure for coupling a piston to a drive that make 
such a procedure technically challenging. First, it may be desirable that the connection can 

20 be made without removing the piston from the cylinder, since that would tend to render the 
pumping zone non-sterile. Second, may be desirable for it to be possible for the operator to 
be able to replace the pump while the operator is wearing gloves, and without contaminating 
the operator (who will typically be a physician or a nurse.) Third, it may be desirable that the 
connection method can enable the disposable components to be coupled to the resuable 

25 components reliably on the first try and without extensive operator training or difficulity. In 
addition, it may be desirable that the connection mechanism be able to be fabricated 
economically so as to add as little expense to the overall disposable cartridge as possible. 

Summary 

30 Apparatuses and methods for connecting a disposable pumping cartridge to a pump 

drive that can, in certain embodiments, meet one, more, or all of the above requirements are 
described. In an exemplary embodiment, a method and system of coupling is described that 
comprises "parking" a piston in a portion of a cylinder that is other than its normal operating 
zone, and that is positioned farther from a high pressure fluid-containing end of the cartridge 

35 than the operating zone. This "Parking" procedure can be used to position a piston in a 

cylinder so than when the cartridge is inserted into a drive, the piston can, optionally without 
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further intervention, be positioned so that a provided coupling mechanism can, in some cases 
reliably and simply, couple the piston to the drive mechanism. 

Apparatus and methods of their use are described for engaging a pumping cartridge 
with a pump drive. In certain embodiments, the cartridge, comprising a cylinder and a 
5 movable piston assembly, is initially assembled or subsequently positioned so that the 
distance between the attachment point on the piston assembly for coupling to a drive 
assembly, and a reference point on the cylinder, is greater than the maximal distance that will 
be encountered during normal oscillation of the piston during use. The cartridge, in certain 
embodiments may be pressed into a drive assembly having means for immobilizing the 

1 0 cartridge and means for coupling the piston assembly to the driveshaft. In certain 

embodiments, when the cartridge is fully inserted into the drive assembly, the piston is 
pressed into the cylinder sufficiently to establish a selected distance so that the piston shaft is 
in the proper position to engage with a coupling mechanism carried on the driveshaft. 

In a first series of embodiments, a method for reversibly coupling a pumping cartridge 

15 to a reusable pump drive system is described. The method comprises: providing the reusable 
pump drive system with a first pumping cartridge retaining component configured and 
positioned to enable it to engage a first portion of the cartridge, the first pumping cartridge 
retaining component being adjustable between a retaining position and a non-retaining 
position; providing a driveshaft of the reusable pump drive system with a second pumping 

20 cartridge retaining component configured and positioned to enable it to engage a second 

portion of the cartridge comprising a portion of a piston shaft of the pumping cartridge, the 
second pumping cartridge retaining component being adjustable between a retaining position 
and a non-retaining position; preparing the pumping cartridge for connection to the reusable 
pump drive system by placing a piston of the pumping cartridge in a selected position relative 

25 to a cylinder of the pumping cartridge; inserting the pumping cartridge into the reusable 

pump drive system; adjusting the first and second pumping cartridge retaining components to 
their non-retaining positions; and moving at least one of the first and second pumping 
cartridge retaining components to its retaining position. 

In certain such embodiments, the selected position is chosen so that the first portion of 

30 the cartridge and the second portion of the cartridge are separated by a distance enabling 
both the first and second pumping cartridge retaining components to be positioned in their 
retaining positions. The selected position can then be obtained by the steps of: moving the 
piston relative to the cylinder so that a distance separating the first portion of the pumping 
cartridge and the second portion of the pumping cartridge comprising a portion of the piston 

35 shaft is greater that an engaging distance separating the first portion of the pumping cartridge 
and the second portion of the pumping cartridge comprising a portion of the piston shaft; and 
inserting the pumping cartridge into the pump drive system so that during insertion of the 
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cartridge into the pump drive system the piston is moved into the selected position, wherein 
the distance separating the first portion of the pumping cartridge and the second portion of 
the pumping cartridge comprises the engaging distance. 

In certain embodiments of the first series of embodiments, the selected position is 
5 indicated by a detectable position indicator, while in these or other embodiments, after the 
moving step, a step of using the pumping cartridge in a medical pumping procedure is 
performed. In certain of these or other embodiments, the pumping cartridge is constructed 
and arranged to enable it to withstand and generates a pressure of at least about 5,000 p.s.i., 
without failure or leakage. 

10 In certain embodiments of the first series of embodiments, the selected distance is 

obtained by engaging the first portion of the pumping cartridge with the first pumping 
cartridge retaining component; moving the driveshaft of the pump drive system to a first end 
of its range, wherein the driveshaft is in its distal-most position in which a distance between a 
distal end of the driveshaft and the cylinder is as small as possible; and then engaging the 

1 5 second pumping cartridge retaining component with the second portion of the pumping 
cartridge comprising the portion of the piston shaft. 

In another series of embodiments, a method for reversibly coupling a pumping 
cartridge to a driveshaft of a reusable pump drive system is disclosed. The method 
comprises: providing the reusable pump drive system with a first pumping cartridge 

20 retaining component configured and positioned to enable it to engage a first portion of the 
cartridge, the first pumping cartridge retaining component being adjustable between a 
retaining position and a non-retaining position; providing a driveshaft of the reusable pump 
drive system with a second pumping cartridge retaining component configured and 
positioned to enable it to engage a second portion of the cartridge comprising a portion of a 

25 piston shaft of the pumping cartridge, the second pumping cartridge retaining component 
being adjustable between a retaining position and a non-retaining position; inserting the 
pumping cartridge into the pump drive system; adjusting the first pumping cartridge retaining 
component to the retaining position; moving the driveshaft of the pump drive system to a 
first end of its range, wherein the driveshaft is in its distal-most position in which a distance 

30 between a distal end of the driveshaft and the cylinder is as small as possible; and engaging 
said second pumping cartridge retaining component with the second portion of the cartridge 
comprising a portion of the piston shaft of the pumping cartridge, so as to couple the piston 
shaft to the driveshaft. 

In yet another series of embodiments, a method for coupling a presterilized pumping 

35 cartridge to a reusable pump drive assembly is disclosed. The method comprises: 

positioning a piston assembly portion of the pumping cartridge in a first position within the 
cylinder, the first position being proximal to an operating region of the cylinder in which a 
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piston reciprocates during operation; sterilizing at least a cylinder assembly portion of the 
pumping cartridge; inserting the cartridge sterilized in the sterilizing step into the pump drive 
assembly; engaging a first retaining component of the pump drive assembly with a first 
portion of the cartridge; and engaging a second retaining component of a driveshaft of the 
5 pump drive assembly with the piston assembly portion of the cartridge. In certain 

embodiments of the method, before sterilizing the cartridge, a step of sealing the pumping 
cartridge in sterilizable packaging can be performed. In certain of these or other 
embodiments, the cartridge may be removed from the sterilizable packaging after 
sterilization. 

10 

Brief Description of the Drawings 

The accompanying drawings are schematic are not intended to be drawn to scale. In 

the figures, each identical, or substantially similar component that is illustrated in various 

figures is typically represented by a single numeral or notation. For purposes of clarity, not 
1 5 every component is labeled in every figure, nor is every component of each embodiment of 

the invention shown where illustration is not necessary to allow those of ordinary skill in the 

art to understand the invention. In the drawings: 

FIG. 1 is a schematic cross-sectional illustration of portions of a pumping cartridge 

assembly according to one embodiment of the invention; 
20 FIG. 2 is a schematic cross-sectional illustration of portions of a cartridge inserted 

into an adaptor on a drive shaft that connects to a pump drive (not illustrated), according to 

one embodiment of the invention; 

FIG. 2A is a schematic illustration of one embodiment of a piston shaft engaging 

member of the pump drive shaft of FIG. 2; 
25 FIG. 3 is a schematic cross-sectional illustration of portions of a pumping cartridge 

assembly and an adaptor on a drive shaft that connects to a pump drive (not illustrated) 

illustrating certain dimensional and positional relationships among the components, 

according to certain embodiments of the invention; and 

FIG. 4 is a schematic cross-sectional illustration of portions of a pumping cartridge 
30 assembly and an adaptor on a drive shaft that connects to a pump drive (not illustrated) 

illustrating certain dimensional and positional relationships among the components, 

according to certain embodiments of the invention. 
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Detailed Description 

To more clearly illustrate certain aspects of the invention, a particular, exemplary 
embodiment is described below. Numerous variations are possible that encompass the same 
invention, and the invention is limited only by the claims appended hereto, and is not limited 
5 to the exemplary configurations and dimensions set forth in this detailed description. 

Figure 1 is a schematic illustration showing a pumping cartridge assembly, according 
to an embodiment of the invention, generally labeled 1. The cartridge, in this embodiment, 
has two parts, a piston assembly 10 and a cylinder assembly 30. The piston assembly 10 has 
a connecting region 12 and a body region 28. The connecting region 12 comprises a terminal 

10 knob 14, a groove 16, and a shaft 1 8 meeting body 20 at lip 19. Body region 28 has a body 
20, a fluid inlet 21 connecting with a check valve 24 (the structure of which is described in 
greater detail in US 2002/0176788-A1); and a piston 22 carried on body 20 and having a 
sealing flange 26 (the structure of which is described in greater detail in US 2002/0176788- 
Al). The flange 26, in certain embodiments, protrudes slightly beyond the diameter of the 

15 body 20 and the piston 22 to provide a seal against the cylinder wall. The flange 26 may be 
designed to be erodible in use. The check valve 24 may be oriented so that fluid can move 
into inlet 2 1 and out of the check valve, but cannot flow back into the check valve when the 
piston compresses the fluid. In other words, the check calve 24 may be arranged so that fluid 
flows to the right ("distally") in the cartridge as illustrated. 

20 The other portion of the cartridge of the particular embodiment illustrated is the 

cylinder assembly 30. The cylinder assembly 30 comprises a wall 32 surrounding a cavity 
34. The cavity may be slightly broader at a proximal portion 36 forming a piston storage 
region to accommodate the flange 26 when the piston is not in use. This "parked" position 
can prevent or reduce irreversible deformation of the flange 26 during storage, and is also 

25 useful for positioning of the piston, as described below. A second check valve is positioned 
at 38, likewise oriented so that fluid flows only to the right (distally). An outlet fitting 40 
carries a barb or other hose connection 42, and a positioning notch 44. In normal operation, 
the piston reciprocates in a defined zone 46, which is distal of the "parking" zone (i.e. piston 
storage region) demarcated by relief 36. 

30 Many other detailed constructions of a cartridge are possible; several are illustrated 

and/or described in US 2002-0 1 76788-A 1 . As will be seen below, some features of a 
cartridge that may be advantageous for use in certain embodiments of the invention are the 
existence of positioning elements on each of the piston assembly and the cylinder that 
comprise or are functionally equivalent or similar to groove 16 and notch 44. A second 

35 feature, provided in some embodiments, is the ability of the piston assembly to remain 

assembled in the cartridge while outside of (proximal to) its normal operating zone, i.e., to be 

parked or stored. 
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Figure 2 is a schematic illustration of a cartridge inserted into an adaptor 60 on a drive 
shaft that connects to a pump drive mechanism (not illustrated). The drive mechanism will 
typically will comprise a motor with appropriate controls, gearing, etc., and will be 
configured to cause the drive shaft adaptor 60 to reciprocate in the proximal/distal direction. 
5 Drive shaft adaptor 60 has a cavity 62, which may be slightly larger in diameter than piston 
shaft 18, and a back end at 68 and a front end at 70. Drive shaft adaptor 60 also may have 
one or more piston shaft retaining components, such as one or more movable pins (or 
functional equivalent) 64. Pins 64 may have a rounded inner end 66 designed to facilitate 
engagement with and to fit into groove 16 on the piston shaft 18. When pin 64 is lowered 

10 and groove 16 is below pin 64 so that the lower end 66 of the pin is in the groove, then the 
piston assembly 10 is locked to drive shaft adaptor 60 and can reciprocate with it. 

When pin 64 is raised, piston shaft 1 8 can be withdrawn from cavity 62 and removed 
from the adaptor 60. Apparatus for raising and lowering pins 64 or equivalent is not 
illustrated, and may take many forms, as would be apparent to those skilled in the art. In one 

15 embodiment, FIG. 2A, a pair of pins 64 connected to a ring 65, which can be looped around 
an elongated raising member (not shown), and slide freely along the raising member when 
the drive shaft reciprocates. When the driving mechanism is turned off and the raising 
member is raised, the pins are lifted sufficiently to allow removal or inserting of a piston 
shaft 1 8. With such a design, removal is possible at any point in the stroke of the driveshaft. 

20 The pins could be replaced with a blade, or prongs, or other devices, and moved to engage the 
shaft, and removed to disengage the shaft, from any direction, including from below, or from 
the side, or from more than one direction, as would be apparent to those skilled in the art. 
Insertion of the pair of pins 64 can be by gravity, but in some embodiments there is a bottom 
segment to the loop so that the raising member can also push the pins downward so as to 

25 engage groove 16 (see Figure 2 A.) 

Referring again to Figure 2, a block 80 has a cylindrical passage 82 through it that 
may be slightly larger in diameter than cylinder outer wall 32. Associated with block 80 is a 
pump cartridge cylinder retaining component 84 with an inner end 86 that is sized and 
positionable to fit into notch 44 of the cylinder assembly. Retainer 84 is shown in a closed 

30 configuration in which it retains the cylinder assembly 30 in the passage 82, and retainer 84 
may be configured so that it can be raised to release the cartridge, or to allow insertion of the 
cartridge. The raising mechanism can take any of a variety of forms, as would be apparent to 
those skilled in the art, and is not illustrated. Optionally, the raising mechanism for retainer 
84 may be coupled to the raising mechanism for pin 64, in embodiments which allow the 

35 simultaneous operation of the two latching mechanisms. 

Driveshaft adaptor 60 operates within a drive assembly (not illustrated) in which the 
position of block 80 is fixed. (Other components of the drive assembly can typically include 
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the housing and the motor and its controls, which are typically fixed in relation to block 80). 
The pump drive assembly (which may also be called a console, or similar terms) is typically 
covered with a housing preventing operator contact with moving parts and electrical or 
electronic components, etc. Pin 64 may be connected to a lifting and lowering mechanism, 
5 which in one embodiment, as described above, is constructed so that pin 64 can reciprocate 
along with driveshaft adaptor 60, and still be raised when removal of the removable pumping 
cartridge from the pump drive assembly is desired. Optionally, the pump drive assembly may 
be constructed, for example by provision of mechanical or electronic interlocks, so that 
neither pin 64 nor retainer 84 can be raised while driveshaft 60 is in motion. 

10 The exemplary configuration illustrated in Figure 2 demonstrates one of the problems 

that could occur when inserting a cartridge into the drive assembly, and embodies one 
inventive solution, as described below. If driveshaft adaptor 60 is in its most proximal (to the 
left as illustrated) position, and/or piston assembly 10 is in its most distal position, then pin 
64 may not be able to become engaged with groove 16, even when the cartridge is fully 

15 inserted so that notch 44 can be engaged by retainer 84, unless the components are 

configured, according to the invention, such that certain relative dimensions of the cartridge 
and driveshaft adaptor are provided, according to the invention, as described below. 

Figure 3 presents one set of controlled dimensions according to certain embodiments 
of the invention. The front and back ends of the cartridge are shown, as well as proximal 61 

20 and distal 63 positions of the driveshaft adaptor 60, the groove 16 and the piston 22. 

Distance (a) is the distance separating proximal engaging pin 64 and distal engaging pin 84 
on the reusable pump drive assembly, when driveshaft adaptor is in its most distal position at 
the end of a discharge stroke. Distance (b) is the distance separating proximal engaging pin 
64 and distal engaging pin 84 on the reusable pump drive assembly, when driveshaft adaptor 

25 is in its most proximal position at the start of a discharg stroke. Distances (a) and (b) should 
be selected so that they correspond to the distances between groove 16 and groove 44 of the 
pumping cartridge, when the piston is in the fully distal position and fully proximal positions, 
respectively, in the normal operating zone of cylinder 32. The distance (c), representing the 
difference between (a) and (b) should thus be about the same as the travel distance of the 

30 piston and of the driveshaft during a pump stroke. Accordingly, it may be advantageous for 
cartridges and drive assemblies to be constructed to a common standard of dimensions (a) 
and (b) so as to be more effectively usable together. 

Referring now to Figure 4, the distance (d) between pin 64 and the front edge 70 of 
the driveshaft adaptor 60 may be essentially the same as the distance between the groove 16 

35 and the lip 19 of the piston assembly 10. Alternatively, the distance between the groove 16 
and the lip 19 of the piston assembly 10 could be somewhat longer than distance (d), or the 
lip 19 may not be present at all, in some embodiments. In these or other embodiments, the 
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distance (e) between the pin 64 and the back of the driveshaft cavity 68 may be essentially 
the same as the distance between the groove 16 and the proximal end of the knob 14 (or 
functional equivalent). 

Taking into account the above-discussed dimensional relationships, it is possible to 
5 arrange the reusable drive assembly and pumping cartridge configurations to facilitate 
reliable insertion of a pumping cartridge into a drive assembly so that the piston groove is 
properly positioned to be engaged by pin 64, or functional equivalent, once the cartridge is 
inserted into the block 80 or equivalent and positioned so that retainer 84 or equivalent can be 
engaged. In a first method of assembly, the piston assembly 10 is initially positioned 

10 proximally of the operating zone 46, i.e., "parked" proximally of the operating region (see 

Fig. 1). In the design shown in Figure 1, this is the proximal end 48 of cavity 34. This region 
can optionally be machined to have a flange relief zone 36, in which the flange 26 on piston 
22 is not compressed. Then, the piston can be positioned in this zone during manufacture, 
sterilization, and/or shipping, so that the sterilized cartridge is delivered to a customer ready 

15 to be inserted into the drive assembly without further manipulation. When the piston is pre- 
positioned in this way, the act of pushing the pumping cartridge into the drive assembly until 
it stops tends to facilitate the correct positioning of the lip 19 or of the knob 1 8 to allow for 
the engagement of the driveshaft adaptor 60 and engagement of pin 64 into groove 1 6, 
thereby reversibly connecting the piston assembly with the driveshaft. 

20 In an alternative embodiment, the initial position of the piston can be irrelevant if 

certain control features are added to the drive assembly. In this embodiment, the cartridge is 
first inserted into block 80 and, optionally, retainer 84 is engaged. Then the driveshaft 
adaptor 60 is moved to its extreme distal position, under manual or electronic control. With 
proper dimensioning, as discussed above, this can ensure that groove 1 6 is positioned so that 

25 it can be engaged by pin 64, thereby connecting the piston assembly to the driveshaft adaptor. 
As an option, proper connection could be detected, for example by sensing the depth to which 
pin 64 penetrates into chamber 62 when engagement is attempted. Such an embodiment 
could also be supplemented by adding a controlling element that would position the 
driveshaft adaptor 60 at its most forward (distal) position upon shutdown of the drive 

30 assembly, or at its startup. This embodiment is also compatible with a pre-parked piston 
assembly version of the pumping cartridge, discussed above. 

Useful additional features can be provided in certain embodiments. One optional 
feature is the provision of means for selectively controlling which of a variety of pumping 
cartridge types can be used with a particular drive assembly. For example, a cartridge of a 

35 first type requiring a higher pressure than other types of cartridges might be configured to not 
fit into or otherwise be unusable in an older drive assembly that cannot drive a cartridge to 
the required pressure. In one embodiment, the selective control means could comprise 
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projections attached to outlet element 30 (see Fig. 1), or to other elements remaining outside 
of the drive assembly, that would prevent full insertion of the cartridge into the block 80 
unless the drive and/or block had a mating feature, into which the pins could slide. In another 
embodiment, the cartridge and the drive assembly could contain electronic elements so that 
5 one could read the other's configuration, and would send signals to the operator, or to a 
system controller in the console, indicating a mismatch, and optionally interrupting the 
starting process of the drive assembly. 

In the exemplary embodiment described above, the engaging mechanism between the 
reusable pump drive assembly and the pumping cartridge piston has been described as a pair 

10 of pins 64. The pins slide into the groove 16 on opposite sides of the piston shaft, as if the 
pins were a miniature tuning fork. In certain embodiments, the dimensions (e) and (d) (see 
Fig. 4) are selected such that the high force applied to the piston shaft in the compression 
stroke can be absorbed by lip 19 and/or knob 14 so that the pins 64 are not subject to high 
shearing forces. In such embodiments, the pins may only need to be configured with 

1 5 sufficient strength to enable them to withstand and transmit to the piston shaft, the lower 

force needed to slide the piston proximally on the return stroke. However, any of a variety of 
other latching mechanisms could provide the same or equivalent effect. As noted above, 
mechanical equivalents comprise any means of placing an engaging member so that it 
intrudes into groove 16, so that the piston is pulled backward during the return stroke. 

20 The engaging/latching mechanism for engaging the piston shaft does not need to be 

locatable/movable inside of cavity 62, but could also, or alternatively, be mounted on forward 
face 70 of driveshaft adaptor 60 to engage a groove or other feature of the piston shaft. For 
example, in an embodiment where a groove is provided just proximally of lip 19, the piston 
shaft could be engaged there by a suitably positioned engaging mechanism. 

25 Another embodiment for achieving operable engagement between the piston shaft and 

cavity 62 of the drive adaptor 60 involves providing a configuration allowing the closing of 
(i.e reduction in diameter of) driveshaft cavity 62 upon piston shaft 18. For example, the 
driveshaft adaptor 60 could have a longitudinal cut through its cross-section extending 
distally through forward face 70 and could be squeezed shut by a collet, clamp, etc.. Or, in 

30 another embodiment, a collet element could be rotated to induce grasping of piston shaft 18. 
In another alternative, the groove 16 in piston shaft 1 8 could be replaced by a slot or a hole in 
or through piston shaft 18. This alternative could require providing a means for controlling 
the rotational orientation of piston shaft 18 within cavity 60. 

Removable/disposable pumping cartridge configurations that can be used, or can be 

35 modified, for example as described below, to be usable, in the context of the present 

invention are described in US 2002-01 76788-A1, along with information regarding materials 
of construction of the various components and methods of fabrication. Many such cartridges 
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are suitable for use in the pressure range of 20,000 p.s.i or more. For designs for use at such 
high operating pressures, operating with relatively short piston stroke lengths and at high 
reciprocation frequency can be advantageous. The following recites certain exemplary 
ranges of dimensions that may be advantageously employed in practicing certain 
5 embodiments of the invention in which pumping cartridges are intended to be operated at 
pressures in the 5,000-20,000+ p.s.i. pressure range. In such embodiments, piston shaft 20 
may have a diameter of between about 7 to 13 mm. The stroke length (distance (c) in Fig. 3) 
may be in the range of between about 3 to 12 mm., depending both on the desired volume 
delivery rate and on drive speed. The shortest distance from notch 44 to groove 16, i.e., 

10 distance (a) in Figure 3, may be in the range of between about 6 to 9 cm. When a "parking 
region" for the piston is present in the pumping cartridge cylinder, its length may be similar 
to the stroke length, but somewhat larger than the length of the piston 22, for example in the 
range of between about 5 to 15 mm. 

As disclosed in US 2002-0 176788-A1, in certain embodiments, at least some of the 

15 conventional roles of pistons and cylinders can be reversed, so that, for example, a piston can 
be held stationary while a cylinder assembly is moved back and forth. Likewise, a sealing 
element, analogous to flange 23 of piston 22 (see Fig. 3) may be positioned on a piston (as 
illustrated in Fig. 3), and/or on the wall of a cylinder. Such variations are considered to be 
included within the scope of the invention. 

20 While several embodiments of the invention have been described and illustrated 

herein, those of ordinary skill in the art will readily envision a variety of other means and 
structures for performing the functions and/or obtaining the results or advantages described 
herein, and each of such variations, modifications and improvements is deemed to be within 
the scope of the present invention. More generally, those skilled in the art would readily 

25 appreciate that all parameters, dimensions, materials, and configurations described herein are 
meant to be exemplary and that actual parameters, dimensions, materials, and configurations 
will depend upon specific applications for which the teachings of the present invention are 
used. Those skilled in the art will recognize, or be able to ascertain using no more than 
routine experimentation, many equivalents to the specific embodiments of the invention 

30 described herein. It is, therefore, to be understood that the foregoing embodiments are 
presented by way of example only and that, within the scope of the appended claims and 
equivalents thereto, the invention may be practiced otherwise than as specifically described. 
The present invention is directed to each individual feature, system, material and/or method 
described herein. In addition, any combination of two or more such features, systems, 

35 materials and/or methods, provided that such features, systems, materials and/or methods are 
not mutually inconsistent, is included within the scope of the present invention. In the claims 
(as well as in the specification above), all transitional phrases or phrases of inclusion, such as 
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"comprising," "including," "carrying," "having," "containing," "composed of," "made of," 
"formed of," "involving," and the like shall be interpreted to be open-ended, i.e. to mean 
"including but not limited to" and, therefore, encompassing the items listed thereafter and 
equivalents thereof as well as additional items. Only the transitional phrases or phrases of 
5 inclusion "consisting of and "consisting essentially of are to be interpreted as closed or 
semi-closed phrases, respectively. In cases where the present specification and a document 
incorporated by reference include conflicting disclosure, the present specification shall 
control. 

10 
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